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COMPI.KTK SPECiFlCATlON 

Motor Fuel Compositions coiitaininc; Polyolcfin Substituted 
Succinimides of Tetracthylciic Pciitaminc 

Wc. California Rrsrarch Cx^pporation, a rorporation duly organized under 
Ihc Jaws of the State of Delaware, United Slates yf America, and haviiiK offices at 200 
JUtsh l>trcct, San Francisco 4, California, United States of America, do hereby declare 
uic iiivcnuon, for jvhlch wc pray that a paicm may be granted to us, and the method 
3 by which It 13 to be performed, to be particularly described in and by the followiiie 
Ktatement : — 

This invention pertains to motor fuel compositions having incorporated therein 
metal- Irce detergents In particular, this invention pertains to spaik-ignition inicnial 
combustion wigme. fuels containing the particular metal-free detergents, polyolcfin sub- 
IV stltutcd suaiimmdcs of tecraethylene pentaminc. 

Alkenyl succinic anhydrides and numerous derivatives thereof arc well-known in 
inc art. For example, alkenyl succinic anhydrides in which the alkenyl radical contains 
from 5 to 20 carbon atoms are taught as corrosion iiJiibitors iii lubricating oil com- 
positions. Also, products obtained by reacting such alkenyl succinic acid anhydrides 
13. witn mono-amlncs arc taught as ferrous corrosion inhihiiors for lubricatinp oil 15 
compositions. " 

However, the above known alkenyl succinimides arc not useful os detergents. In 
contrast thereto, the polyolcfin substituted succinimides which arc described herein are 
compounds which arc useful as detergents in internal combustion engine fuel 
20 compositions. " 

■ ^ w^'" day spark-ignition engines opcraic at high speeds and high compression 
ratios. When used in the so called city stop ond-go driving, which includes the greater 
pan Of the driving conditions for a large percentage of today's automobiles, these cn- 
gincs do not reach the most cfficieiii opcraiing iciiipciature. Under city driving con- 
ditions, deposits accumulate in carburetors and in the fuel induction systems of auto- 
mobile spark Ignition engines and in stationary spark-igniiion engines whenever they 
hove to run a considerable time at idle, for instance, in ihc operation of generaior sets 
in elertric power plants and the like indusuial installations. 

Willi regard to deposits on carburetors of spark-ignition engines, the critical 

■>u accumulation point for these deposits is on the wall of the throttle body of the 30 
carburetor adjacent to the throttle plate, whose position controls the idle air-fvicl ratio. 
As these dcposiis accumulate, the air flow at idle is restricted with no change in fuel 
flow and an over-rich mixuire results, causing erratic idling and engine stalling. In 
r u^ ^°TP^"'=3f^ f"*" ''"^ presence of these deposits, the throttle must be opened 

35 slightly by increasing the idle speed adjusiiiicm, which, although allowing more air 35 
flow automatically supplies more fuel. This requires a fuel correction by changing the 
Idle fuel adjustment screw a compensating amount. The amount of idle fuel .idjiisime.ni 
required to mointain satisfactory idle performance is an indication of the deposit build- 
up. Furthermore, deposits will often form in the idle, vacuum-breaking, air passageway, 

40 causing restriction, which allows the manifold vacuum to draw more gasoline into ihc 
engme, again causing rich idle and engine stolling. 

It has been established that the primary source of these carburetor deposits is 
provided by the contaminants in the intake air of ihe engine when operating at idle 
I he greatest source of these intake air contaminants is engine blowby, which necounis 

^3 for approximately one-half of the deposits. The term •^lowby" refer<; to air-fuel mix- 4S 
[Price 4s. 6d.) 
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manifold and pom, and on the 1^^=^ of ,hr. major 

""^Tk presence of ihe deposits in the intake manifold, pons and "ndenidc of 

brly « function of the deposit-fomiing charactemtics of the fuel oil 

Ii lias been dcicnnined thai ilic presence of deposits on the fuel mector tips aucrs 

the nort fS^pTpauern and rcLlts .^'id t^ncd'Ey 

n pto fad combu«ion The resulting incomplcir. combusrion ol <h<-. fuel, nccdsionro ny 
SfnrcscnS of dSo^iu in the fucHnicctioa system and ^^if-^^Z'JS^ 
the Tuel consumption and promotcK exhaust smokmg, which is particularly objcciion 
Ible in dSZ^^^^ ope?ations In addition, such dcpc^J. w ^J™^^^^^^^^ 
system passages, cause sparkine, which may result in road^dc ^^^^li i^^^^^^^^^ 
/nd oxidation products in the fuels cause filter dogging. These difficulties arc alleviated 
hv The use of die {idditlon agents described hercmbdow. . 
^ Ir if u pSar object of this invention to provide internal ccmbusfon engine 
tfA iu(^\ rnmnr><;itians which Rre compounded vAih a metal-frcc detergent. 
50 fud ll^^^^^^^^ I, J i , has been discovered t^^^^^ 

larly useful fuel compositions are obtained by mcorporatmg '""'^'-f ^^^^i'Srfor n 
Is polyolcfm substivnted puccinimidrs of lerrae.ihylene. pontHmine. in base fuels for in- 

55 Th^te'plS^^^^^^^ described herdnbelow inhibit deposMornj.^^^^^ 55 

in internal combustion engine fud induction systems, prov.d.nc (or moic cthr.ent 
operation of the enpine. ^ .^^^ „^ j^^,^ boiling range 

which illude hvdJocarbcJii bas? fuels boiling essentially in the gasolme bo.hng range 
£t\ from lOOop to iSO^l- . including leaded hydrocarbon base luds. , , , ■ 

Ordinari J the ha e nils tor f.omprcs.ion-icnirinn engines are hydrocarbon base 
fuels, stST diSlatc fuels, foi example, a .-^.uic of liydrocarbons having a n^^^^^^^^^^ 
distillation rtncc from 300°F, to 750^F., and particularly from 350°P. to 700 I . buch 
Sds iXrtLe der^^^^^ from various petrdeum crude oils. an. ih.se derived from 
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Other sources, such as shalo. oil, or syniheiir hydrocarbons obuincd from the Fischcr- 

"^'"^Thc^tSS^'lcadcd hydrocarbon base fuel boiling cswntinily in the gasoline boiling 
range" or simply "leaded gasoline", as it is employed in the rr«cnt description is in- 
5 tended to designate liquid hydrocaibon fuels boiluiR 111 1 he K«ohnc boiliii}: nrngc. buii- 
able, accordingly, for use in spark-igniiion internal eombustion engines ^''"^'''""^S 
lead alkyl additives, such as lead tctraeihyl in amounts commonly employed in torn- 
mcrciol automotive fuels to prevent occurrence of the enKUic kiwtk. . 

The polyolcfm substituted succinimides of tetracthylcne pcniammc have the 

10 formula: 




CH-C^ 

CH C^ 
*0 



CK-i^CM^-CHrC: 



,0 



II 




CHj-C. 



+ 



CHS 

CHl-C 
crt, 



NH,C«iCHl((«hCH,CKi),-»'*'l-^ 



10 
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wherein R is derived from a polymer RH of na olcfia conmimiiK from 2 to 5 carbon 
atoms, which polymer contains from 30 to 200 carbon atoms. 

These siiccinimldes of tetraethylenc pcmamine can be prepared by reacting malcic 
anhydride with an olcfinic polymer, followed by reacting iIk insulting succi.uc 
anhSride with totraethylene pentaminc. The R radical of the above formula is derived 
froiu HI. olefin containing from 2 to 5 carbon atonis by polymerizing an olefin conta n- 
ing from 2 to 5 carbon atoms to form a hydrocarbon having a molecular >-cifi In laiiR- 
inl from 4W to 3000, more preferably, PftO to 1200. Such olefins are exemplified by 
20 cdiylcnc, pr<,pylcnc. 1-butcne, 2-butene. isobutcnc, and mixtures thereof AdvaiuaEC- 
ously R may be derived from a polymer of isobutenc having a molecular weight of 
about 1000 Since the mwhods of polymo.ri/ing the olefins to form polymers thercol is 
iSLrial in r foiniaiioa of iliJ .^npouud dccribcd herein, any of the numerous 
nrocesses available can be used therefor. , 
25 The preparation of the succinimides derived from letraethylenc pentammc can be 

described gcnerallv by tlic following equations, umiir a polymer of isobutenc as an 
example of the polyolefin RH 
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Fa* .=ent hy : 7M:-IHSH1/h TNO HAT m^0 ntm.r. 
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a<i that obtained with a vinyl monomer (tnd malcic anhydride. While tlic genera icac- 
liou of an olefin and malcic anhydridr is well known for olefins of low niolceu ar 
weight (e g., olcfim of up to 18 carbon aiop), no previous work has been done with 
malpir anhvdride and llic polyolcfins as described herein. , 
m reaction set forfh and described hy equation 1 hereinabove can proceed in a 5 
mol 2h>Xrpolyolefm to the maleic aiydudc of 1:1 vo l^^O preferably from 
Ul \l 1 : 5 l^t Veaction temperature can vary from 300"?. to 500°K Bceat«c o he 
greater yield of products obtained thereby, it is preferred to xm the high range of tcm- 

nTttLrdT4%V?hT^^^^ as cxemplined hy equation H Horein^b-^^^ 
yield of the imidc iircmdy high even though Uic rcaclants are used .n ex]t,al tnola 
wUos. This ie surprising, since under the conditions of iIic reaction il'^j^^. ^f. ^ 

of secondary amifo groups nv.r primary amino groups, and any [.«;fci on w,,h i^^^ 
secondary amino groups would lead to amide formaUon; thus, preventing imidc forma- 

""^"'The reaction described by equation II hereinabove can Iw made at 220^F. to 
SOOof! prefSably f "m to Vf. The succinic anhydride and the ictraclhylcnc 
pentamine. are reacted in about equal molar quantities. 

Since the reaction between the polyolefin and maleic anhydride may not go to 

20 -completion, tlie resulting succinic anhydride may comairi some "n/caacd polyolefin As 
it may not he desirable to separate out this unrcaetcd polyo^clin at this stage, i c rc uU 
ing imidc formed by reaction of the succinic anhydride, and the pcntamme will con ain 
Sfs polVfin « '^n impurity whieh can be a diluent in the formation of IJ^bricau^^ 
oil compositions. HowcvJ^r. if it is so desired, this unreactcd po yolefin can be removed 

25 by precipitation, for example, by acetone or methanol from a hydrocarbon sohi ioi 

The succinimides of ictraatkylenc pcntaminc can be used m uilcnml coiubusiion 
ciiKine fuels in amounts of 25 ppm to 500 ppm or higher, preferably from 100 ppm to 
sSppm. Different fuels iccuilc different amounts of the described ^'-^1'"-'^^^^^^^^ 
furls may require amounts of 1000 ppm. or higher to 5000 ppm. to R.vc ihc doirtd 

30 p^^^^^^^^^^^^ substituted succinimides of tetracthylene pent- 

amine is illustrated in tlic following Example. 

Example 

Stage 1 — Preparation of Polybutcnc Succinic Anhydride . , r 

A mixture of 1000 grams (1 mol) of a polyisohnicne having a molecular weight ol ^5 
about 1000 and 98 grams (1 mol) of malcic anliydiidc was heated ai 410°F. m a niiro- 
Ecn atmosphere with agitation for a period of 24 hours, llic reaction mixture was 
cooled to 150^F. and 700 cc. of hcxanc added; after which the mixture was filtered 
under vacuum. After vacuum distillation to remove the Iicxanc from the flUratc,t K 
product was maintained ar 3.M)-F. at an absolute pressure of 10 mm. Hg /oj one ho r 40 
to remove traces of malcic aiUiydiidc. The crude polybutcnc succinic anhydride thus 
prepared had a saponification number of 79. 

Stage II — Preparation of Tetracihyknepeniamlnc Derivative of the. 

Polybutcne Succinic Anhydride of Stage I . .r 

45 A mixture t)f 84 grams (0.45 mol) of tetraethylcne pcntaminc and 702 gramij 4j 

rO 45 mol) of the polybutcnc succinic aiiliydndc of Stage I hereinabove, was blended 
with agitation at 12S"F. in a nitrogen atmosphere. The temperature was increased to 
400°F during a period of one hour, after which the absolute pressure was reduced to 
about 200 mm. Hg during n period of 30 minutes to fauliiatc the removal of water. 
The reaction mixture was then allowed to reach room '^'^F"^"^'^ 



iiic reaction nnxuuc wu» un-n ......v,^,, w .-- —i i„f„ ,„j 

pressure. The reaction product co.iiaiiicd 4.1% nitrogen (theory-. .4%)^ Infra-red 
analy.sis showed that the reaction product was an imidc coiiiaiiimK a polybutciic SlQC 



rD6H2) was modified by removing the throttle plate and shaft from the throttle body. 
The shaft holes and the transfer port were plugged. A glass throttle body was Ulscried 
between the carburetor body and the original throttle body. This glass body consisted 
of a 1.50-inch I.D., 1.75-inch O.D. Truebon; Tubing 1.75 inches long, Ihc original 
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^^*"Tablc I hercinbclow presents data bhowiiiu the effectiveness of the polyolclin sub- 
55 stitutcd succinimides derived from tetracthylene peniaminc as dctcigcius m motor fuel 5b 

eomposiuons.^^^ test to facilitate observation and evaluation of carburetor deposit .<: 
was developed. In this test, standard .^iv-cylinder BaU -d Ball Or^^^^^^ 
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Plvmnuih niuomohile. . , Mnwhv counccicd lo intake air, 

^ The engine was opcwicd fm one hou. ^^^^'^^^^^^^ 7.5 minuia idle 

nccicd from the carburetor The engine ^^^^jf j^J^cl^^^^^ 
containing icst fuel, using the .^l^ f^'J^J '^^ ^ 

five accelerations to 2000 rpm The '5?!",^ 35 ^^easurcd by ihc per 

^ ^Thc base fuel employed was a ^""^^Jj^*' As was previously 
which is representative of nationaHy available commcr^a^^ fas a negligible effect upon 
mentioned/the hydrncarhnn ^r^""" ,1^,*'?^^^^^^^^ of the 

The succimmide used in ilic icsi lueis wat. a y / cnbstiiuicd succ n midc 

of aboul 1000 and was a polymer of isobutene. 
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Table I 


Sucdniuoldc Concentration 


Glass Throttle Body Cleaning 


(ppm) 


(%) 


1. 100 


10 (average of 3 tests) 


2. 250 


50 (average of 2 tests) 


3. 500 


60 (vaerage of 2 tests) 



Tabic II hcrclnbcow p.scnu '-^^[^ZZT^^^iS^^^^' 

ro,^'. ski: pinii^ l .... .r 

Th. engln. ™ ,u„ ,»r « l,ou,, 900 rp™, »Uh ^J;^;':^:^' ^ 
KCOnds, an im.k »ic umpcmuK of „c.iuct tho light rtHected 

mml, 140=F. Before Ac tes,, . «a==.»«cr "^^^ "f " 4^^^^ 10 6" Ite 

y_ Deposit = 1 00 X (1 )irty rating-adapior rnting) 
(Clean rating- adapter rating) 

Ti,c base .«! « . li.^. f *„»'i!%rST8sri:ri»iJ"" s;.. 

' The additives which were each "^"^d,/" ^ -iXSctc gent fo fuels, and Additive 
follow.: Additive " A " was a '""^ ^^^^ of Example II 

"B" was an N-snhsiiuiied surrmimide as cxempliUca oy ui<. i> uuu 

hereinabove. 
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Table II 

Additive ret Cent Dcpo^iaoa 

Base Fuel + Additive "A" S*-^ 0) 
Base Fuel + Additive "B" ^-^ (^) _ 



1) Average of 13 tests 

2) Average of 4 tests 



Tables III and IV hcreinbelow illustrate the Mobility of the succlnimides de- 
scribed herein us Diesel fuel Additives gj^^^ j^^^jng ^ po^c 

In the test, the fuel hem cvaluaicd wab Hrbt P-^/^^ Jf^ j ^.^i^d additives. 5 
6 si/e bf 0.45 micron. TIk filtered fuel J'J,,,^ in open 8-inch 

^''^ ?he bte fuels for Tables 111 and IV were the same as that dcseribed for Tabic 11 

hereinabove. described hereinabove for Tables I and 11. The 

The succmimide was the same as dc.cnoea ""cm ^.^ ^^^^^ 

Tests in Table III were conducted for 24 hours at 2M) i . witn a i 



15 time. 



Table III 



Fuel 



1. Bftse Fuel 

2. Base FucH-succinimide 

3. »] » >» 

4. v« » »» 

5. ,t M » 

6. „ « » 

7. Base Fuel + (1) 

8. Base Fuel + (I) 

9. Base Fuel + (D 



Additive Concentrotion 
ppm , 


Filter 
Residue 
ppm 


0 


HO 


25 


136 


50 


114 


75 


81 


100 


43 


150 


22 


25 


160 


100 


iiy 




114 



(1) Commercially available Additive 
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TNO PAT IhFO OKKia-. A4->«4 H.VH4/SH l.:S1 K« • 



The filter residue icsis for Tabic IV were run for 24 hourt at 225 T., witli a 24 hour 
cooling down time. . 

T/UJUi IV 

Filter 

Additive Couccntratlon Residue 
Fuel PP™ PP"* 

1. Base Fuel 0 50,5 

2. Bose Pucl+$uccininiidc 25 ^ 



3. » M » 

4, 



3> J» I* 



50 2.3 
100 2.8 



The filter residue test data of Tabic V hereinbclow were, obiaiucd by heailiifi the 
test caniplea at 200'^F. for 24 hours, with a cooling down time of 1 hour. 

The bflse fuel consisted of 25% of a Gilsonilc Cokcr DistlUate derived from (.ti1- 
sonite Shale, and 75% of a dicsel fuel sold by the Utah Oil Company. Ihc word 
"Gilsonite" is a Trade Mark. Piiysical cliaracicrlstlcs of each of these fuels is described 



as follows: 



Utah Oil Ck>, 

Fuel Gilsonite 



Viscosity at lOO'F.S.SlJ 36 37 

CctaneNo. 36 29-30 
D-.158 Distillotion 'F. 

Start 406 415 



10 50% Point 



537 463 10 



End Point 698 654 



The succiiiimide used was the same as that described hereinabove. 

Tablc V 

I'ilter 

Additive Concentration Residue 
Fuel PPm PP"^ 



1. Base Fuel 0 59 

2. Base Fuel -f Succinimide 500 4.5 



In addition to the subject improving agents in the fuel composition, other conven- 
tional fuel additives may he incorporated therein, ns, for example, auu-knocK or knocK- 
suppressing aecms (tetractliyl lead, etc.), surface-ignition suppressants, such as phos- 
phorus-containing compounds, dyes, gum and oxidaiion inhibitors, provided ihcy arc 
15 used in such ainoums as not to interfere with the beneficial action of ihc additives Ot n 
the invention. 
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IS dcnvca irum » f^"/*- 
I polymer contains from 



c RH of an olehn cnntAining trom ^ lu ^ 

10 200 carbon aioiiib. ^ . , . ^^^^ i therein the substituted succinimiac 

imide has the general formula : 



CH, / C«j\ -j"* . 0 



^r^s^^:^^^^"^^ ''''''''' ' 

srantially as hereinbefore described. 

HASRLTINE, LAKE & CO., 
riiaitcrcd Patent Agents, 
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